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show the opposite: those occurring
at low densities are much more
specialized than more frequent
ones. These asymmetric patterns
at the species level seem to be
common to mutualistic networks
[14], and more research is required
to elucidate their evolutionary and
ecological mechanisms.
The new work by Blu¨thgen [3]
underscores the need to
contemplate the architecture of the
entire network of species
interactions in order to understand
how species’ niches are organized.
An understanding of specialisation
is not only interesting in itself, but
also essential to understand the
persistence and vulnerability of
species in a constantly changing
world.
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Cytokinesis is regulated by both astral microtubules and the midzone
microtubules of the mitotic apparatus. A new study in Caenorhabditis
elegans has identified the polarity factor LET-99 and its heterotrimeric
G-protein regulators as components of the signaling pathway
downstream of astral microtubules.David R. Burgess
Cytokinesis is the final act of cell
division whereby the cytoplasm
is separated by action of an actin
and myosin II-based contractile
ring. The problem of what
controls the timing, placement
and assembly of the contractile
ring has been under study since
the 19th century. Historically, the
study of cytokinesis has led to
polarizing views on the role of the
mitotic apparatus in the signaling
of cytokinesis. One argument
concerns whether the asters of
the mitotic apparatus induce the
polar cortex to relax or whether
the astral microtubules positively
influence the equatorial cortex toassemble a contractile ring [1].
There have also been arguments
over what part of the mitotic
apparatus stimulates cytokinesis:
the spindle midzone or the mitotic
asters [2]. Studies in the past few
years have suggested that
cytokinesis is regulated by signals
from both the midzone and the
asters [3–5]. Two years ago,
Bringmann and Hyman [6]
reported evidence, based on laser
ablation and RNA interference
(RNAi) screening, supporting the
existence of an astral signal for
cytokinesis. The hunt has now
focused on identifying the
molecular nature of the astral
signals. Now comes exciting work
from the same group [7],published in Current Biology,
which has cleverly identified
molecules involved in astral
signaling of cytokinesis in the
nematode Caenorhabditis
elegans [7].
It is well documented that the
microtubules of the mitotic
apparatus are essential for
cytokinesis. The cell cortex
responds to the signal, and the
response involves a number
molecules, including the small
GTPase Rho, actin, myosin II,
myosin light chain kinase, Rho
kinase, myosin light chain,
formin and may other actin
binding and regulatory proteins,
which make up the transient
contractile ring [8]. Using an RNAi
screen for embryos lacking the
spindle midzone signal, Bringmann
et al. [7] identified molecules
involved in aster-positioned
cytokinesis: LET-99, a DEP
domain cortical protein known
to play a role in anchoring
microtubules and in spindle
positioning, and heterotrimeric
G proteins. By combining RNAi,
genetics and live-cell imaging
Dispatch
R131of fluorescently tagged
molecules with classical
micromanipulation — but using
lasers rather than microneedles for
cutting and microneedles to move
the mitotic apparatus around — they
went on to show that LET-99 is
essential for formation of an
aster-induced furrow.
LET-99 forms a wide band in
the cell cortex, the peak intensity
of which is at the site of ring
formation, suggesting it is
a positional cue for ring formation.
In a further analysis of the
positional control over cytokinesis,
Bringmann et al. [7] showed, by
micromanipulating the mitotic
apparatus to a new position, that
the peak of LET-99 moved
towards the midpoint of the
displaced mitotic apparatus.
Such rearrangement only
occurred after anaphase onset,
a transition required for ring
formation in embryonic cells [9].
LET-99 localization has been
shown to depend on the PAR
polarity proteins, and LET-99 is
downstream of the PARs on
a pathway regulating nuclear and
mitotic apparatus orientation
[10–12]. Bringmann et al. [7] also
found that the G proteins they
identified, GOA-1 and GPA-16,
and their regulator GPR-1/2, are
required for midzone-independent
cytokinesis and appear to be
involved in the concentration,
but not medial localization for
cytokinesis, of LET-99.
Interestingly, GPR-1/2 is
downregulated in the presumptive
furrow cortex by LET-99.
Moreover, let-99 mutant cells, in
the presence of a spindle
midzone signal, form irregular
contractile rings, which appear
later than in wild-type cells,
indicating that the two signals
work in concert for normal
cytokinesis in this cell type.
Many questions remain
regarding the pathways of
communication between
microtubule plus ends and LET-99
and its regulators, and also
between LET-99 and effectors
such as Rho and formin. But
a bigger question arises about
the LET-99 pathway in C. elegans
and homologous systems in
higher organisms. C. elegans is
a classic protostome with anembryo that has highly
determined early cell fates, based
in part on localized informational
molecules in the zygote [13]. The
C. elegans zygote is very
polarized, in a way that depends
on PAR proteins, and LET-99
localization is regulated by these
PAR proteins [11,12]. But polarity
factors in general may play a role
in cytokinesis. In the fission yeast
Schizosaccharomyces pombe,
the anillin-like protein mid1p,
required for positioning the
contractile ring, is itself
positioned by the nucleus. Recent
work [14] has shown that, in
addition to positive signals from
the nucleus, a polarity factor
DRYK kinase pom1p restricts the
localization of mid1p to the
middle of the cell and prevents its
localization to the cell tips.
Polarity factors controlling the
placement of the contractile ring
are thus emerging in other contexts
than C. elegans development.
While G protein signaling and
cortical proteins are involved in
orienting the mitotic apparatus
by cortical pulling forces in many
organisms, whether LET-99 plays
a role in furrow positioning in
deuterostomes with a more
regulative type of development
and a much less polarized zygote
remains to be seen. Only further
work will determine if there are
true LET-99 homologues in the
zygotes and tissue cells of higher
organisms that are much less
polarized than the cells of early
C. elegans embryos, or whether
the LET-99 pathway for signaling
cytokinesis is specialized for
cytokinesis in highly polarized
embryos. The cortical dynein and
the dynactin complex appear to
play a role in aster-positioned
cytokinesis via the microtubule
plus-end binding protein EB1 in
zygotes of the sea urchin,
a deuterostome [15]. Because
GPR-1/2 and its mammalian
homolog also work through
dynein regulators [16,17], it is
possible that the dynein/dynactin
complex is part of this pathway,
and that there are at least
parallels to the LET-99 pathway
in higher organisms. Further
questions arise as to the nature
of the microtubule/LET-99
interaction since it appears thatstable microtubules can induce
furrows in a number of organisms
[18–20]. One possibility is that
LET-99 and GPR-1/2 regulate
the interaction of the plus ends
of microtubules with the cortex.
It is now clear that cytokinesis
is so critical to life that cells have
cleverly hidden redundant
systems for signaling its
regulation with signals from
asters backing up the previously
defined signal from the spindle
midzone. The new work of
Bringmann et al. [7] illustrates the
importance of considering all
possibilities when studying this
historic problem in biology.
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Why build accurate in silico
replicates of biological systems?
Using a computer to reproduce
experimental data, or to estimate
hidden system parameters that
might not be experimentally
accessible, is of course
valuable — but the ultimate goal
is the detailed understanding of
the function of molecular
networks as they appear in, for
example, metabolism, gene
regulation, or signal transduction.
This is best achieved by using
a level of mathematical
abstraction that needs a minimum
of biological information to
capture all physiologically relevant
features of a cellular network.
An excellent example of using
a multi-level mathematical
approach is shown for the
chemotaxis pathway of
Escherichia coli in the work of
Bray et al. [1], published in
a recent issue of Current Biology.
What are the prerequisites for
computational modelling of
a molecular network and what is
the best modelling approach?
Ideally, one would like to know not
only the network structure but also
all reaction rates, concentrations
and spatial distributions of
molecules at any time point.
Unfortunately, such information isfunction in C. elegans. Genes Dev. 17,
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only if the biological system under
— if they are met, a comprehensive
s information about the dynamics of
lly allows for the prediction of
r interactions.
unavailable even for the
best-studied systems. In silico
simulations thus always have to
use a level of mathematical
abstraction, which is dictated by
the extent of our biological
knowledge, by molecular details
of the network, and by the
specific questions that are
addressed. For example, the
standard description of a cellular
network by mass-action equations
might be too crude when it is clear
that some reactant
molecules show a strongly
non-homogeneous distribution in
the cell or appear only in low copy
numbers. The former would
require a spatial description using
partial differential equations. In
the latter case, modelling by a
stochastic process would be the
right choice.
However, timescales of
reactions also have to be
considered — slow reaction rates
integrate over many collisions and
will not transmit fast upstream
fluctuations down the pathway.
Also, all aspects of experiments
that are not reproduced by the
mathematical model are of interest,
since they shed light on the missing
components in the description of
the biological network under
consideration and provide a critical
test of whether the level of the
mathematical abstraction used in
the model is appropriate.Mitchison, T.J., Fang, G., Kapoor, T.M.,
and Salmon, E.D. (2003). Determining
the position of the cell division plane.
Nature 424, 1074–1078.
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DOI: 10.1016/j.cub.2007.01.001Another serious problem for the
computational modelling is posed
by crosstalk between a specific
molecular system and other
cellular networks. In this case the
modelling of a system would
require a quantitative description
of almost the entire cell, as some of
the interfering cellular networks
might be perturbed by other
processes themselves. Strong
interactions with other cellular
processes can therefore only be
handled if they can be
experimentally controlled or
remain approximately constant for
the timescales considered.
Fortunately, there is evidence that
most cellular systems have
a modular structure — that is, the
different cellular processes are
weakly connected [2]. Such
modularity is ubiquitous at all levels
in the biological networks and
makes sense from an evolutionary
point of view, as for strongly
interconnected networks changes
in one part of the system would
have effects on many other
processes that would then in turn
run at a less optimal performance.
As a consequence, modularity is
expected to increase the
robustness of biological networks
against mutations and
environmental changes [3].
The work of Bray et al. [1]
illustrates how the modularity can
facilitate an in silico simulation
by allowing different levels of
mathematical abstraction for
different parts of the
chemosensory system in E. coli. In
bacteria, chemotactic stimuli are
detected and processed by large
sensory clusters that consist of
several types of transmembrane
receptor and associated kinase
molecules, which provide
a docking scaffold for all other
